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[57] ABSTRACT

Overbased branched chain aliphatic sulfonates are
prepared by adding an excess of a base component
such as an alkali metal hydroxide, ammonium hydrox-
ide, or an alkali metal carbonate to a sulfonate derived
by sulfonating a branched chain alkene such as a
propylene tetramer and neutralizing the sulfonic acid
thus formed with the base component. The overbased
sulfonate is injected into a petroliferous formation to
improve a water flood operation. In one embodiment
overbasing base component is injected as a slug subse-
quent to injection of the sulfonate.

12 Claims, No Drawings
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OVERBASED BRANCHED CHAIN ALIPHATIC
SULFONATE WATERFLOOD

This is a division of application Ser. No. 324,909,
filed Jan. 19, 1973 and now U.S. Pat. No. 3,865,735.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an improved anionic water
flood additive. In one aspect the invention relates to the
use of the anjonic water flood additive for recovery of
hydrocarbons from petroliferous subterranean strata.
In yet another aspect, this invention relates to a process
for the recovery of a viscous oil from a low permeabil-
ity formation by the use of an aqueous mixture contain-
ing from about 0.5 to 25 weight percent of an over-
based branched chain aliphatic sulfonate having about
seven to about 18 carbon atoms per molecule.

. 2. Brief Description of the Prior Art

A large percentage of the oil in a petroliferous strata
is held within the rock of the strata by the surface
forces between the rock, the oil, and the formation wa-
ter. As a result, a substantial portion of this oil usually
remains in the rock even when wells traversing the
strata are no longer productive. Various secondary re-
covery techniques, such as thermal recovery, gas injec-
tion and water flooding, have been suggested for the
recovery of this fixed oil which remains in the forma-
tion after it can no longer be produced by primary re-
covery methods. Of the secondary recovery tech-
niques, water flooding is quite commonly chosen, and
a multitude of methods have been suggested for im-
proving the efficiency and economy obtained from the
practice. Such methods frequently include incorpora-
tion of a water-soluble surfactant in the water flood.
Typical surfactants which have been proposed for this
purpose include alky! pyridinium salts, sodium lauryl
sulfate, certain sulfonates, glycosides, sodium oleates,
quaternary ammonium salts and the like. The use of
such surfactants has arisen because it is widely recog-
nized that a low interfacial tension between the surfac-
tant flood water and the reservoir crude is essential to
the improvement of recovery efficiencies.

Recently, it has been proposed that nonionic surfac-
tant solutions, such as a polyoxyethylene-polyoxypro-
pylene copolymer containing solution be injected into
the formation through a first of at least two well bores
to thereby displace the hydrocarbons toward a second
well bore. The nonionic surfactant flood is then fol-
lowed by the injection of a slug of aqueous caustic into
the formation through the first well bore to displace the
hydrocarbon and the surfactant toward the second
bore. The caustic slug has a basicity of at least 1.5 pH
levels greater than that of the native formation water.
However, the use of the nonionic surfactant has not
fully met the need for a desirable water flood additive
surfactant composition, and new compositions are con-
stantly being sought which will allow one to recover the
residual oil remaining in the formation. Further, the
surfactant ingredients of the prior art have suffered
from lack of availability or cost, and thus have not fully
satisfied this long felt need.
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OBJECTS OF THE INVENTION

An object of the invention is to provide an improved
water flood additive and method for using same in the
secondary recovery of hydrocarbons from oil bearing
formations.

Another object of the present invention is to provide
an improved water flood additive which is inexpensive
and readily available in sufficient quantities to satisfy
present and future needs.

Another object of the invention is to provide a water
flood additive composition which is effective in recov-
ering the tertiary oil in the formation and which can be
readily prepared.

These and other objects, advantages, and features of
the invention will become apparent to those skilled in
the art from a reading of the following detailed descrip-
tion.

SUMMARY OF THE INVENTION

According to the present invention we have now
found an improved anionic water flood additive which
comprises an overbased branched chain aliphatic sulfo-
nate derived from a non-linear alkene containing from
about seven to about 18 carbon atoms per molecule.

Further, according to the invention we have found
that when employing an aqueous solution containing
from about 0.5 to 25 weight percent of said anionic
water flood additive that hydrocarbons in substantial
yields can be recovered from petroliferous formations.

One method of employing the anionic water flood ad-
ditive compositions of the present invention includes
the step of injecting a slug of an aqueous mixture con-
taining from about 0.5 to 25 weight percent of the over-
based sulfonate into a petroliferous formation to
thereby displace the hydrocarbon from the formation
so that one can recover the displaced hydrocarbon. Ad-
ditional hydrocarbon can be recovered, if desired, by
injecting an effective amount of a slug of aqueous base
component into the petroliferous formation after the
overbased slug has been injected.

Another method of removing the hydrocarbons from
a petroliferous formation is by injecting a first slug of
an aqueous mixture containing from about 0.5 to 25
weight percent of the sulfonate into the petroliferous
formation followed by an effective amount of base
component so that the overbased composition is pro-
duced in situ by the contacting of the sulfonate slug and
the base component slug.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As previously stated, the present invention relates to
an improved anionic water flood additive and to a
method of using same for the recovery of hydrocarbons
from a petroliferous formation. The anionic water
flood additive is an overbased branched chain aliphatic
sulfonate which can be derived from a nonlinear alkene
and which contains about 7 to about 18 carbon atoms
per molecule. The term non-linear alkene used herein,
which when sulfonated and overbased with base com-
ponent produces the desired water flood additive of
this invention, can be a branched chain product result-
ing from the catalytic polymerization of propylene.
Propylene tetramer is a common designation for one
such suitable alkene product.
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Propylene can have an origin in an oil refinery as a
by-product from catalytic cracking of heavy stock for
the production of gasoline. Such propylene product
often contains about 50 percent propane and other sat-
urated hydrocarbons. This is suitably employed to pro-
duce the desired branched chain (non-linear) mono-
olefin (alkene) products for use in the preparation of
the additive composition of the present invention.

One method for producing such non-linear alkene
product is by heating the impure stream and injecting
same into a catalytic chamber which contains as a cata-
lyst such as kieselguhr impregnated with phosphoric
acid or quartz chips coated with phosphoric acid. Poly-
merization of the propylene is then carried out at the
appropriate polymerization conditions to produce the
desired product. For example, when the desired prod-
uct is one containing 12 carbon atoms, a product com-
monly referred to as propylene tetramer, the polymeri-
zation conditions are approximately 1,000 p.s.i.g. pres-
sure and 200°C temperature.

The product from the polymerization unit is then
fractioned to remove the unreacted propane, and other
undesired constituents from the desired polymerization
product which is to be sulfonated and overbased as
herein after set out in detail.

While the above process for the preparation of non-
linear alkene products has been set out in some detail,
it is to be understood that any other suitable method for
producing such non-linear alkenes containing about

seven to 18 carbon atoms per molecule is suitable to

prepare the initial feed stock.

It is, however, essential that the alkene employed to
produce the anionic water flood additive of the present
invention be non-linear, i.e., branched, in configura-
tion. Such is borne out in the examples set forth herein-
after which show that a product derived from a linear
alkene did not produce the desired oil recovery
whereas ones derived from non-linear alkenes did.
While any suitable non-linear alkene containing from
seven to 18 carbon atoms per molecule can be em-
ployed, especially desirable results have been obtained
wherein the alkene employed has about eight to about
14 carbon atoms per molecule, mixtures of such al-
kenes can be employed as well as pure materials. Ex-
amples of suitable nonlinear alkenes are the branched
heptenes, octenes, nonenes, decenes, dodecenes, octa-
decenes, mixtures of same and the like.

The non-linear alkenes so described are employed to
produce their corresponding sulfonates. Sulfonation
procedures are well-known in the art, and may be car-
ried out by any one of several methods using SO;, mix-
tures of SO; and SO,, or organic sulfonating agents.
Furthermore, the sulfonation can be carried out by ei-
ther a batch-type process or a continuous falling film
reactor process. Hcwever, it is necessary that an effec-
tive amount of the sulfonating agent be employed to
ensure substantially complete conversion of the al-
kenes to the corresponding sulfonate precursors. When
SO, is the sulfonating agent the mole ratio of SO; to
non-linear alkene is generally about 1:1 to 1.5:1.

As previously stated, the improved anionic water
flood additive of the present invention is an overbased
sulfonate derived from a non-linear alkene containing
from about seven to 18 atoms per molecule.

Overbased sulfonates, as this term is employed in this
application, are defined to be mixtures of sulfonates
plus base component wherein the ratio: “weight of ex-

20

25

30

35

40

45

60

65

4

cess base component/weight of sulfonate’ has a value
of about 0.03 to about 2.0. Excess base component is
that amount of base component which is not employed
to hydrolyze the sultone or neutralize the sulfonic acid
precursor to the sulfonate. Particularly desirable results
are obtained when the ratio has a value of about 0.20
to about 1.0. The term “sulfonate” as employed to de-
termine the ‘‘ratio” includes only the branched ali-
phatic sulfonates derived from non-linear alkenes.

Neutralization, conversion, or overbasing of the pre-
cursors to the sulfonates with base component can also
be carried out in any one of several methods well-
known in the art.

The term ‘‘base component’ as employed in this ap-
plication includes alkali metal hydroxides, ammonium
hydroxide, and alkali metal salts such as the alkali
metal carbonates which are capable of converting the
sultone and/or sulfonic acid precursors to the sulfo-
nates. Examples of such base components include so-
dium hydroxide, potassium hydroxide, lithium hydrox-
ide, ammonium hydroxide, sodium carbonate, sodium
bicarbonate, potassium carbonate, and the like. Espe-
cially desirable results are obtained when the alkali
metal hydroxides are used.

When one merely neutralizes the sulfonates and in-
jects an aqueous solution of the neutralized products
into the formation, one must add a sufficient amount of
base component in a second slug to insure that the
water flood additive composition formed in situ in the
formation is overbased in the prescribed ranges.

In describing the use of the anionic water flood addi-
tive of the present invention, two methods of injecting
said additive into the petroliferous strata will be dis-
cussed. However, it should be understood that neither
method is preferred over the other and that the particu-
lar method chosen will depend to a large extent upon
the facilities available at the well site.

One method of employing the anionic water flood ad-
ditive composition of the present invention is to inject
an aqueous slug containing from about 0.5 to 25 weight
percent of the sulfonate derived from the nonlinear al-
kene through a well bore into the petroliferous subter-
ranean strata from which the additional hydrocarbon is
to be removed. After the sulfonate slug has thoroughly
been dispersed into the strata an effective amount of
aqueous base component mixture in the form of a sec-
ond slug is introduced into the strata to form an aque-
ous mixture in situ in the subterranean strata contain-
ing from about 0.5 to 25 weight percent of the over-
based water flood additive composition and having a
‘“ratio” in the range defined. If sufficient base compo-
nent is not added to reach the lower minimum ratio of
about 0.03, desirable results are not obtained. Like-
wise, problems of viscosity and handling of materials
are encountered when the amount of overbasing is be-
yond the upper limit of about 2.0.

The second system which can be employed in using
the anionic water flood additive composiuon of the in-
stant invention involves producing the overbased sulfo-
nate on the surface, admixing with water or brine and
then injecting the resulting aqueous mixture containing
about 0.5 to about 25 weight percent of the overbased
sulfonate directly into the petroliferous subterranean
strata as one slug. When employing this procedure the
same limitations as to ‘‘ratio” apply as to the process
heretofore described.

a
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Additional tertiary oil.can be recovered by injecting
an effective amount of an aqueous base component
mixture into the formation which has previously been
contacted with overbased sulfonate composition. The
amount and concentration of the aqueous base compo-
nent containing mixture employed can vary widely.
However, desirable results have been obtained wherein
the concentration of the base component in the mix-
ture ranges from about 0.5% to 50% weight percent
and the amount of mixture injected into the formation
is from about 10% to 1,000 volume percent, based on
the total amount, of the sulfonate containing slug previ-
ously injected into the formation.

As previously stated, the composition injected into
the oil bearing formation is an aqueous mixture con-
taining from about 0.5 to 25 weight percent of the over-
based water flood additive. Particularly desirable re-
sults have been obtained wherein the aqueous mixture
injected into the formation contains from about 6 to 15
weight percent of said additive.

Difficulties are sometimes encountered in the forma-
tion of the aqueous mixture due to the solubility char-
acteristics of the anionic water flood additive composi-
tions of the present invention. When such solubility
problems are detected one can add an effective amount
of any suitable water soluble surfactant. The amount of
water soluble surfactant required in such instances will
vary widely but will generally be within the range of
from about 0.5 to 25 weight percent, based on the
weight of the total composition. Examples of suitable
water soluble surfactants are aryl sulfonates, such as
sodium benzenesulfonate, sodium xylenesulfonate, so-
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weight of sulfonate” previously referred to. The sulfo-
nates that are referred to in the “‘ratio” include only the
branched aliphatic sulfonates derived from branched
chain alkenes.

In order to more fully explain the present invention
the following examples are given. However, it is to be
understood that the examples are not intended to func-
tion as limitations on the invention as described and
claimed hereafter.

EXAMPLE 1

A series of experiments were conducted to evaluate
the oil recovery properties of the anionic water flood
additive of the present invention. In each experiment
12 inches X 2 inches X 2 inches Berea sandstone cores
were evacuated under vacuum and then saturated with
5 weight percent NaCl brine. The brine saturated cores
were reduced to irreducible water saturation with 80
Pale-oil and then water-flooded to residual oil satura-
tion with a sodium chloride brine solution. The water
flood additives were then injected into the cores as
aqueous mixtures containing 15% by weight of sulfo-
nate and 4% by weight of NaOH and the tertiary water
flood was conducted at 40 cc/per hour, a flow rate
equivalent to 6-7 feet per day to determine their effec-
tiveness as oil recovery additives. All of the oil recovery
runs were conducted at 130°F. and the column entitled
AS is the volume of oil produced as percent of pore vol-
ume. Further, the column entitled weight percent
NaOH is the weight percent of free NaOH present
above that required to neutralize the water flood addi-
tive, e.g. the amount overbased.

Table [

OIL RECOVERY DATA FOR BRANCHED ALIPHATIC SULFONATES

Average Carbon
Number

Distribution/ Formulation AS
(%PV)
Molecule in Wt.% at 130°F
Run Non-linear Sul- Wt % and 40
Num- Sulfonate(4) Alkenc fonate NaOH Ratio(1) cc/hr.
ber
1 Propyiene Polymer Sulfonate(2) 9 15.0 0 0 4.6
2 Propylenc Polymer Sulfonate(2) 9 15.0 4 0.266 8.4
3 Porpylenc Polymer Sulfonate(2) 12 15.0 0 0 4.6
4 Propylene Polymer Sulfonate(2) 12 15.0 4 0.266 8.4
5 1-Hexadecene Sulfonate(3) 16 15.0 4 0.266 1.8
(1)Ratio is: weight of excess base component/weight of sulfonate.
(2)Samples | - 4 were prepared by the catalytic polymerization of propylene, each polymer (alkene) contains 1 double bond

and is highly branched.
(3)Lincar olefin sulfonate.

(4)Procedure for sulfonation of branched alkenes for water flood additive use.
To a stirred reactor were charged: 100 g alkene (dodecene as example) (0.41 moles) 46 g 50; (0.57 moles)

The alkene was placed in a batch reactor fitted with a gas introduction tube

at the bottom. The SO; was introduced in as dilute

gas stream of dry air (about 5% SOy in air) over a period of about one hour. The temperature was held at about 40-50°C
throughout the reaction. Mixing was provided by the air stream passing through the system.

The resulting sulfonation reaction mixture was mixed with a small excess of 15% aqueous sodium hydroxide and refluxed with
stirring at 100°C for about 2 hours to hydrolyze and convert to sodium sulfonate salt.

Analysis of the resulting product was as follows:

% Active 27.1
% Oil 10.5
% inorganic Salt 9.2
9 Water Balance
60

dium toluenesulfonate, sodium hexylbenzenesulfonate,
sodium octylbenzenesulfonate and the like; alcohol or
phenol ethoxylates wherein the molecule contains from
about 30 to 90 weight percent ethylene oxide and the
alcohol-moiety contains from about 2 to 20 carbon
atoms. Any sulfonates which are employed as water
soluble surfactants are not taken into account in deter-
mining the ratio: “‘weight of excess base component/-

65

The above data clearly demonstrate use of the anionic
water flood additives of the instant invention. Further,
the data demonstrate that by employing an aqueous
mixture containing 15 weight percent of a sulfonate ob-
tained from non-linear alkenes, wherein said sulfonate
had been overbased to a ratio of 0.27, gave a tertiary
oil recovery (AS) of about 8.4 whereas, the same com-
position but without the excess base component gave
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an oil recovery of only 4.6. In addition, an overbased
sulfonate derived from the C,4 linear olefin hexadecene
gave substantially no oil recovery.

Having thus described the invention, we claim:

1. A method for recovering hydrocarbons from a pet-
roliferous subterranean formation which comprises in-
jecting into the formation an effective amount of an
aqueous mixture which comprises about 0.5 to 25
weight percent of an overbased sulfonate derived from
a non-linear alkene containing about seven to about 18
carbon atoms per molecule in which the overbased sul-
fonate contains an excess of base component such that
the ratio: “weight of excess base component/weight of
sulfonate” is about 0.03 to about 2.0; and withdrawing
from the formation, hydrocarbon which has been dis-
placed by the anionic water flood additive containing
mixture.

2. The method of claim 1 wherein the sulfonate is de-
rived from a non-linear olefin polymer containing
about eight to about 14 carbon atoms per molecule;
wherein the ratio is about 0.20 to about 1.0; and
wherein the base component is an alkali metal hydrox-
ide, ammonium hydroxide, or an alkali metal carbon-
ate.

3. The method of claim 2 wherein the base compo-
nent is NaOH, LiOH, KOH, Na,COj3, K,COj,, or LiCO,.

4. The method of claim 3 wherein the aqueous mix-
ture further contains from about 0.5 to 25 weight per-
cent of a water soluble surfactant to solubilize the ani-
onic water flood additive.

20
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S. The method of claim 3 which includes the step of .

injecting into the formation subsequent to the anionic
water flood additive an additional amount of about 10
to 1,000 volume percent, based on the amount of the
sulfonate containing slug, of additional base compo-
nent containing aqueous mixture, the aqueous mixture
containing about 0.5 to 50 weight percent of the base
component.

6. The method of claim 3 which includes the step of
injecting an effective amount of an aqueous brine solu-
tion with the anionic water flood additive sufficient to
provide a salt level in the aqueous liquid in the forma-
tion of about 0.5 to about 10 weight percent salt.
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7. The method of claim 1 which includes the steps of
forming the anionic water flood additive in situ by the
sequential steps of

a. injecting into the formation an effective amount of
an aqueous solution containing ab_to;ut 0.5 to 25
weight percent of the sulfonate derivative of the
non-linear alkene;

b. injecting into the formation an effective amount of
an aqueous mixture of a base component selected
from the group consisting of an alkali metal hy-
droxide, ammonium hydroxide, or an aIE‘ali metal
carbonate to produce an overbased mixture from
the sulfonate and the base component in situ, the
overbased mixture containing an excess of the base
constituent above that required to neutralize the
sulfonate such that the ratio is about 0.03 to about
2.0; and

c. recovering from the formation hydrocarbon dis-
placed by the overbased mixture.

8. The method of claim 7 wherein the ratio is about

0.20 to about 1.0.

9. The method of claim 8 wherein the base compo-
nent is NaOH, LiCH, KOH, Na,CO,;, K,CO;,, or Li,.
CO;.

10. The method of claim 9 which includes the step of
injecting into the formation subsequent to the anionic
water flood additive an additional amount of about 10
to about 1,000 volume percent, based on the total vol-
ume of the sulfonate containing slug, of an aqueous
mixture of additional base component, the aqueous
mixture containing from about .5 to 50 weight percent
of the base component.

11. The method of claim 9 which includes the step of
injecting an effective amount of a brine solution with
the anionic water flood additive sufficient to provide a
salt level in the resulting aqueous liquid in the forma-
tion of about 0.5 to about 10 percent by weight.

12. The method of claim 9 wherein the aqueous mix-
ture further contains about 0.5 to about 25 weight per-
cent of a water soluble surfactant sufficient to solubi-

lize the anionic water flood additive.
* * * % *



